Background {#Sec1}
==========

Nursing students encounter many clinical challenges in current healthcare atmosphere \[[@CR1], [@CR2]\]. It is unfortunate that they often have no prior experience to deal with these varying complex situations. More importantly, traditional teaching methods often fail to enable students to cope with these clinical conditions \[[@CR3]\]. Subsequently, these concerns call for an alternative approach with higher efficacy in teaching nursing.

Lecturing is the most common teaching strategy in the nursing education, and problem based learning has not yet been of widespread use in Asia \[[@CR4], [@CR5]\]. In the current nursing educational context of Iran, the main focus of almost all the universities for nursing education is on the traditional teacher-based approach \[[@CR6]\]. On the other hand, it is often observed that the most important barriers to the implementation of student-centered strategies in Iran are students' lack of familiarity with the new strategies, inadequate skills in group work and active interaction, and the large number of students in a class \[[@CR7]\]. This is the case despite the fact that the world today needs graduates who can take advantage of their own diverse skills and in-depth or upper level academic knowledge in order to benefit from professional problem solving and life-long learning. So, a comprehensive curriculum should be accommodated to the future profession and offers students learning opportunities to acquire problem solving skills so that they can improve the healthcare systems they work with through appropriate decision making \[[@CR5], [@CR8]--[@CR11]\]. It is essential for nursing educators to apply appropriate teaching methods to improve the students' performance in clinical nursing \[[@CR12], [@CR13]\].

It is often argued that development, learning, and higher mental functions take place through social interactions in a constructive environment by engaging in an active process of discovering knowledge \[[@CR14]--[@CR17]\]. Also, student-centered strategies can enable the educators to help learners to be actively involved in promoting lifelong learning, problem solving, critical thinking, group process skills, creativity, information literacy, student success, and empowerment \[[@CR18], [@CR19]\]. Likewise, students tend to prefer new approaches if they are more enjoyable, have potentiality to grow enthusiasm and interest in students towards the course and its content \[[@CR20], [@CR21]\], enhance interactions between students and their instructors, and increase students' understanding of the course content \[[@CR22], [@CR23]\].

Likewise, educators need to serve as a facilitator or apply a floating tutoring role in the context of small groups. Such a role is uncommon in traditional educational approaches. One strategy in which the attention shifts from teacher to student is Problem-Based Learning (PBL). This strategy is able to get the graduates ready for the uncertainties of future managerial practice and facilitates the students' construction and reconstruction of their own knowledge base \[[@CR12]\]. In PBL, educators are full partners in the learning process and not the major holder of knowledge \[[@CR24]\]. Some of the related studies show that PBL can encourage students to learn better and foster the retention and lifelong learning skills that can be transferred into clinical practice and finally increases the quality of patient care \[[@CR18], [@CR25]--[@CR27]\]. PBL could help to bridge the gaps between education, practice, and knowledge development in professional schools including nursing, which is, in turn, able to prepare the learners for their future role as Registered Nurses \[[@CR28]\].

PBL is highly flexible, and it can be used in different ways and in different contexts \[[@CR29], [@CR30]\]. Some settings use the Traditional or Pure PBL strategy; some others tend to modify the strategy by incorporating some traditional techniques. The results of these modifications can improve the educational process for learners and instructors, or result in unsuccessful attempts and a passing trend \[[@CR31]\]. There are cases of institutions that have successfully implemented PBL as a hybrid curriculum combined with other learning strategies like lectures, practical classes, etc. \[[@CR32], [@CR33]\]. In these contexts, educator, as a facilitator, strives to guide the students. It is often argued that, the idea of scaffolding in the zone of proximal development and the technique of facilitating PBL groups are complementary processes \[[@CR34]\]. This is because scaffolding takes shape through guidance, and develops faster to link students' existing abilities with their intended goals \[[@CR35]\]. This can result in a reduction of the learners' cognitive load to easily solve the problems which need high mental effort \[[@CR36]\].

It has been more than 40 years that PBL, as a student-centered strategy, has been substituted for traditional ones, and there exists some empirical research evidence in support of problem-based learning \[[@CR22], [@CR33], [@CR37]--[@CR39]\]. Nevertheless, some research findings and meta-analyses have revealed a number of gaps in the PBL literature. For instance, the results were mixed and the performance on the exams of the fundamental courses of the students experiencing PBL strategies appeared to be lower than that of the students exposed to conventional approaches \[[@CR5], [@CR40]--[@CR43]\]. Also, little has been done to reveal what exactly takes place in a PBL class to nurture the necessary skills. Moreover, to the best of our knowledge, no research has been carried out to compare the outcome of the application of Pure Problem-Based Learning (PPBL) and Hybrid Problem-Based Learning (HPBL) strategies in teaching Pediatric Nursing (PN) course. In addition, no research has yet been done on the relevance of cognitive load theory and instructional efficiency in nursing education in Iran \[[@CR7]\].

The purpose of this study is, therefore, to investigate the cognitive effects of PPBL, HPBL, and Conventional Teaching and Learning (COTL) methods on learning Pediatric Nursing.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

This study has adopted a quasi-experimental posttest-only nonequivalent control group design to examine the effects of PBL instructional strategies on measures of performance, mental effort and instructional efficiency.

Participants, setting and measures {#Sec4}
----------------------------------

The accessible population in this study consisted of all the junior nursing students who attended the course Pediatric Nursing (PN) II in two branches of Islamic Azad University (IAU) in Yasuj and Gachsaran, Kohgiluyeh-BoyerAhmad (KBA) province, Iran.

The instructional strategies such as PPBL, HPBL, and COTL as the independent variables and performance, mental effort and instructional efficiency as the dependent variables were considered. In addition, threats to internal and external validity were taken into account and controlled. It should be pointed out that the experiment was conducted over a period of 8 weeks.

Inclusion criteria {#Sec5}
------------------

The participants were junior nursing students who had passed Pediatric Nursing I. They, however, had not received any training on problem-based learning before the main experiments.

Exclusion criteria {#Sec6}
------------------

The exclusion criteria in the study were missing two or more class sessions, refusing to take one of the tests administered, and failing to complete the questionnaires. It should be pointed that no participant appeared to have these criteria.

Baseline test {#Sec7}
-------------

Since all the participants had already passed the PN (I) as a prerequisite course, their PN (I) scores were compared to make sure that they had similar prior PN knowledge. Likewise, the students' scores of Prior Performance Test on the three topics of PN course which had been taught before the experiment were used as covariate to ascertain that the students in all three groups were similar in their PN course knowledge.

Sampling {#Sec8}
--------

The sampling method was multistage cluster. At first, one of the regions of all the 13 regions of IAU was selected purposively. Then from the three provinces of this region, KBA province was chosen randomly. Among the five IAU universities in KBA province, Gachsaran and Yasuj Universities had between two to three classes of about 30 to 40 Junior Nursing students in each semester. So, three out of the five intact classes in these universities were chosen by the fish-bowl method. Subsequently, they were randomly assigned to the three groups of the study, i.e., PPBL = 30, HPBL = 30 and COTL = 35. These students were of the same socio-economic status, ethnic background and common abilities \[[@CR44]\]. These classes were tested for homogeneity through comparing their scores on PN I and Prior Performance Test.

Instruments of the study {#Sec9}
------------------------

The Pediatric Nursing Performance Test (PNPT) and The Paas Mental Effort Rating Scale (PMER) were utilized as the instruments. In addition, the two-Dimensional Instructional Efficiency Index (IEI) was used to calculate the instructional efficiency. The PNPT comprised 22 multiple-choice items in order to assess the lower-order cognitive domain performance and 22 open-ended questions to determine the higher-order cognitive domain performance. One point was assigned to each correct answer of the multiple-choice items and three points to the open-ended questions. Therefore, the overall performance test for the PNPT ranged between 0 and 88. The higher-order cognitive domain performance referred to students' ability to analyze, synthesis, and evaluate the PN problems, while the lower-order cognitive domain performance referred to students' ability to recall, comprehend, and apply \[[@CR45], [@CR46]\] the PN problems. Hence, the total scores for low and higher-order cognitive domains were 22 and 66, respectively.

The PMER was used to measure the cognitive load by recording the perceived mental effort which was exerted to solve the problems given during the experiments. This is a 9- point symmetrical Likert scale measurement through which subjects rate their mental effort used in performing a special learning task \[[@CR47]\]. The numerical values and labels assigned to the categories ranges from very, very low mental effort (1) to very, very high mental effort (9). Moreover, two kinds of subjective rating of mental effort were also employed. Once, the subjective rating of mental effort was given during the learning in the assessment phase for each main topic. Once more it was given during the test phase. The mental effort per problem or question was obtained by dividing the perceived mental effort by the total number of problems tried at each assessment phase during the learning and the test phases.

Moreover, the two-dimensional (two-D) IEI \[[@CR48]\] was applied to compare the effects of different instructional conditions on learning as instructional efficiency. For this purpose, the grand mean was subtracted from each score and the result was divided by the overall standard deviation yielding corresponding z-scores for effort (R) and performance (P). Finally, a performance efficiency score, E, was computed for each participant using the formula E = \[(P-R)/2^½^\]. High efficiency was indicated by a relatively high test performance in combination with a relatively low mental effort rating. In contrast, low efficiency was indicated by a relatively low test performance in combination with a relatively high mental effort rating.

Pilot study {#Sec10}
-----------

In this study, a pilot study was conducted to validate the experimentation procedures and process. Besides, the instruments used in the experiments were validated, and their reliability was ascertained. Besides, some experimental evidence of the appropriateness of the Pediatric Nursing topics in the learning area of organ dysfunction was provided. It also presented a sound basis for structuring the practice and evaluation phases incorporating PBL strategy in the teaching and learning of organ dysfunction in Pediatric Nursing.

In the pilot study, the researcher offered the same topics of Pediatric Nursing to a group of 40 junior nursing students of one intact class who were not included in the actual study. Then the questions on the topics were given to the students to assess their mental efforts. This enabled the researcher to evaluate the validity, reliability, item difficulty, clarity, and feasibility of the test items for the experiment. The Content Validity Ratio (CVR) was (0.99), the reliability of the multiple-choice tests were 0.81 (KR 20 was used), and the reliability of the open-ended questions were 0.88 (Cronbach's alpha was used). In addition, item difficulty and discrimination indices were shown to be appropriate, ranging from .32 to .70 and .92 to .94, respectively. In addition, using Cronbach's alpha, the reliability of the mental effort for lower-order questions, higher-order questions and the total questionnaire were calculated to be 0.92, 0.94, and 0.96, respectively.

Training curriculum {#Sec11}
-------------------

The PN core course is given to junior nursing students. It focuses on caring for children suffering from various physiological and system disorders. Its content consists of nine main topics about disturbance or dysfunction in different systems or organs and their nursing care, from which the four high prevalent conditions such as disturbance of fluid and electrolytes, renal dysfunction, respiratory dysfunction, and gastrointestinal dysfunction were selected for intervention \[[@CR49], [@CR50]\].

The course plans, lesson plans, scenarios and Patients Information Sheets (PISs), and tests to provide the general guidelines for teaching the topics on PN for conventional, PPBL, and HPBL strategies, and timetable for all the groups were prepared in advance. Each set of the lesson plans involved five phases of induction, acquisition, practice, closure, and assessment.

In PPBL and HPBL, each group had a leader and a scriber to manage the group activities and take note of their performance, respectively. For the PPBL group, the facilitator started the induction phase by delivering the trigger to the students at the introduction of each main topic for about 5--10 min. He continued the rest of the sessions by asking the learners to recall the materials learned and presenting the information about the related problem to the class. In the acquisition phase, the facilitator managed to give some PISs to the students based on their needs. Then the students detected the concepts by inquiry, self-directed learning and group discussion, worked on trigger to separate known from unknown issues, extracted learning issues during the brainstorming, did research to find the target unknown variables, and recognized all the resources and information they needed to solve the problem. Next, they figured out the best way to achieve the main goal based on the information gathered (hypotheses generation process) and generate the most viable solutions. In the following sessions, the results of each individual's search had to be communicated to the group members so that the data could be analyzed and incorporated into the process of problem solving. After several cycles of data collection and analysis, possible solutions to the problems were generated and formulated. Finally, the students examined the outcome of their solutions. This general subject presentation took for 75--95 min depending on the sessions and the methods that were used.

In the practice phase, the facilitator reinforced the understanding of the students by discussing the similarities and differences among PISs, eliciting performance and justification of the decision made in about 5 min. In the closure phase, the important concepts about the scenario were highlighted or presented by the students in about 10--15 min. After each main topic, the assessment questions were given to the students to process, work and present the problems individually, and discuss them with the whole class during 10 min.

For the HPBL group, the induction phase started with an example related to the real world problems of concern to the learners so that they could take ownership of their learning. For example, a picture of a child with sunken eyes was first showed to the students for 5--10 min as a trigger to gain their attention. Then some general subjects such as biological development, assessing child with highlighting the differences between children and adults for each specific organ dysfunction with some examples were presented and discussed through mini-lectures in 10 min in conjunction with prior knowledge and scenarios. Moreover, at the end of each HPBL lesson, a short corrective feedback session and summarization of about 15 min were provided by the lecturer. The rest of the specific topics were, however, presented as in the PPBL strategy through triggers under the guidance of the facilitator.

In the control group, the lecturer informed the students of the objectives of the lesson and gave them an example to gain their attention and activate their prior knowledge. In next sessions, the facilitator started the induction phase by asking the students to recall the materials learned and continued to lecture in the acquisition phase in a whole-class instruction by explaining the PN concepts and discussing the steps of processing nursing problems related to the acquired concepts. In the practice phase, the students were asked to process the problem individually and highlight the important aspects. Then, the lecturer handled the discussion of problem solving and made some possible conclusions of the lesson. Finally, at the end of each main topic, each student was required to assess and solve the problems using paper and pencil method. The content and the format of the assessment were the same for all the groups, nonetheless (see Additional file [1](#MOESM1){ref-type="media"}).

Procedures and data collection {#Sec12}
------------------------------

This study was conducted during the first semester of the 2010/11 academic year. First, after assigning the participants to three groups, a general briefing session about the strategy was held, and then the training sessions on PPBL and HPBL strategies for two experimental groups were run. Further, it was explained and illustrated to all the students how to use the PMER. After that, the experimental groups received teaching on organ dysfunction in Pediatric Nursing through the PPBL and HPBL strategies for 8 wk while the control group was exposed to only conventional whole-class instruction. All the three groups had similar conditions in terms of the content materials and contact hours. Altogether, 4 main topics were covered during 12 two-hour sessions in the study. After covering each of the four topics, the students were assessed for their learning rate of the contents. They were also required to rate the amount of mental effort they exerted for each problem right after each question.

At the end of the experiment, the PNPT and PMER were administered. Next, the Instructional Efficiency was estimated by two-Dimensional IEI. For each question in PNPT, the PMER was printed at the end of the question. After each question, the students were required to indicate the amount of mental effort invested for that particular question by responding to the nine-point symmetrical scale. Finally, a delayed posttest was administered 8 wk after the experiment to assess their retention of the materials \[[@CR51]\]. The delayed posttest included the PNPT with PMER. After administering the tests, instructional efficiency was measured using two-Dimensional IEI Formula. Figure [1](#Fig1){ref-type="fig"} provides the flow chart of the study protocol.Fig. 1Provides a summary of all the procedures from sample selection to analyses of the findings undertaken in this study

Since decay and interference concerning the posttest and delayed posttest were assumed to be equally distributed phenomena in the conventional and PBL groups, they did not serve as covariates in the experiment. Accordingly, if the experimental groups' learning remains even after the 8 wk elapse, it could be concluded that the effects of strategies performed for experimental groups were more effective in the retention of learning than those of the conventional strategy.

Data analysis {#Sec13}
-------------

Using SPSS software version 17, the parametric statistical tests such as ANCOVA, One-way ANOVA, and Mixed between-within subjects ANOVA were used. For these statistical tests with power analysis of Compromise method, with the effect size (ES) = 0.25 which is close to medium, and β/α ratio of 1:1 that is also the default in basic research, and for a total sample size of 95 for 3 groups, the Power was calculated to be more than 0.80. It should be pointed out that alpha level for data analysis was set at 0.05.

Ethical issues {#Sec14}
--------------

To carry out this study, same official permissions were taken from the university chancellors. It should be mentioned that the researchers were not allowed to reorganize the student population of the classes. However, some certain measures were taken not to treat the participants unfairly. First, the assignment of the groups to the methods of intervention was purely random. Second, the same amount of materials and time was provided for all the three groups. In addition, written permission to use the instruments in this study was attained from the developer before using them.

Results {#Sec15}
=======

Table [1](#Tab1){ref-type="table"} offers the demographic background information of the participants. All the students were nursing major and female. Their age ranged from 21 to 25 with a mean of 22.22. A majority (84.21%) of them were from the age group 21--23, whilst the rest (15.79%) were above 23.Table 1Background information of the participantsBackground informationPPBL *n* = 30HPBL *n* = 30COTL *n* = 35GenderFemaleFemaleFemaleSchoolGachsaranGachsaranYasujAge (mean ± SD)22.30 ± 1.2122.13 ± 1.3322.23 ± 1Age (range)21--2521--2521--24

The result of ANOVA in the three groups of PPBL, HPBL and COTL showed that there were no significant difference between the mean of Pediatric Nursing I scores (F (2, 92) = .34, *p* \> .05), and the mean of Prior Performance Test scores (F (2, 92) = .096, *p* \> .05).

The exploratory data analysis confirmed that the data conformed to the preliminary assumptions of the parametric tests. The relationship between each dependent variable with its covariate was linear, thus the assumption of a linear relationship was not violated, hence the power of the test. Based on correlation matrix, there was a strong, positive correlation (*r* = .71, *r* = .84, and *r* = .76, *n* = 95, *p* \< .0005) between the higher-order performance, the lower-order performance, and the total performance in posttest and their related covariate, respectively. The results indicated that the assumption of homogeneity of regression slopes was not violated for each of the dependent variables and their respective covariates.

On the other hand, the ANCOVA test analysis showed that there were significant differences between the three intervention groups on the overall and the higher-order performances at posttest, with a large effect size \[[@CR52]\]. The Tukey HSD test indicated that the means of overall and the higher-order performances for COTL group were significantly lower than those for the PPBL and HPBL groups. But, there was no significant difference between the three intervention groups on the lower-order performance (Table [2](#Tab2){ref-type="table"}).Table 2Means, SDs, and ANCOVA for Overall, Higher-order, and Lower-order Performances on PosttestMeasuresGroupsnMeanSDFdfpη^2^Overall PerformancePPBL3056.109.56HPBL3056.709.4414.322.91.0010.24COTL3549.048.91Higher-order PerformancePPBL3039.607.97HPBL3040.047.2017.232.91.0010.28COTL3532.567.36Lower-order PerformancePPBL3016.502.27HPBL3016.672.99.0782.91.9250.002COTL3516.492.27

The ANOVA test analysis showed that there were significant differences between the three intervention groups in the mean of mental effort during the learning phase test, the mean of mental effort during the posttest phase, and the mean of instructional efficiency with moderate to a large effect size. The Tukey HSD test indicated that the means of mental effort during the learning phase test and the mental effort during the posttest for the COTL group were significantly higher than those of the PPBL and HPBL groups. Besides, the mean score of instructional efficiency of the COTL group was significantly lower than those of the PPBL and HPBL groups (Table [3](#Tab3){ref-type="table"}).Table 3Means, SDs, and ANOVA for Mental Effort of assessment test, and Mental Effort and Instructional Efficiency of the PosttestMeasuresGroupsNMeanSDFdfPMental Effort of assessment testPPBL303.861.35HPBL303.711.165.672.92.005COTL354.751.52Mental Effort of posttestPPBL303.801.01HPBL303.64.8713.692.92.001COTL354.891.23Instructional EfficiencyPPBL30.381.23HPBL30.521.1210.882.92.001COTL35−.771.34

The ANOVA test analysis showed that there were significant differences in the mean of the overall, the higher-order and the lower-order performances, the mental effort and the mean of instructional efficiency of the three intervention groups in the delayed posttest phase, with the effect sizes of .42, .50, .14, .20, and .31, respectively. The Tukey HSD test indicated that the mean of overall, and higher-order performances, and instructional efficiency for the COTL group were significantly lower than those for the PPBL and HPBL groups. Also, Post-hoc comparisons indicated that the mean score of lower-order performance of the COTL group was significantly lower than that of the HPBL group. However, the PPBL group did not differ significantly from the HPBL and COTL groups on their lower-order performance. Moreover, it was shown that the COTL group invested mental effort significantly more during the delayed posttest than the other groups (Table [4](#Tab4){ref-type="table"}).Table 4Means, SDs, and ANOVA for Overall, Higher-order, and Lower-order Performances, Mental Effort and Instructional Efficiency, on Delayed PosttestMeasuresGroupsnMeanSDFdfPOverall PerformancePPBL3030.709.32HPBL3032.958.6832.822.92.001COTL3517.896.47Higher-order PerformancePPBL3021.977.28HPBL3022.856.0945.392.92.001COTL3510.144.76Lower-order PerformancePPBL308.732.30HPBL3010.102.827.622.92.001COTL357.742.16Mental EffortPPBL304.201.42HPBL304.091.5611.232.92.001COTL355.581.30Instructional EfficiencyPPBL30.481.22HPBL30.681.2620.942.92.001COTL35−.99.98

The statistics presented in Table [5](#Tab5){ref-type="table"} showed a significant main effect in the mean test of overall and higher-order performances, mental effort and instructional efficiency of the type of instructional strategy, with large effect sizes. The mean scores of the students' overall and higher-order performance and instructional efficiency were significantly higher in the PPBL and HPBL strategies than in the COTL strategy. The mean scores of the students' mental effort were significantly lower in the PPBL and HPBL strategies than in the COTL strategy. However, the main effect of the mean score of the lower-order performance based on the type of instructional strategies was insignificant with a small effect size.Table 5Mixed Between-Within Subjects ANOVA of Overall, Higher-order, and Lower-order Performances, Mental Effort and Instructional Efficiency over Repeated MeasuresMeasuresGroupsSSdfMSFpη^2^Overall PerformanceBetween-subject effects Groups (G)5074.63322537.31617.216.000.272Error13,559.31392147.384Within-subject effects Times (T)33,861.306133,861.3066253.491.000.986T × G498.9452249.47246.072.000.500Error498.160925.415Higher-order PerformanceBetween-subject effects Groups (G)4227.33422113.66723.838.000.341Error8157.3219288.667Within-subject effects Times (T)17,197.76117,197.763850.91.000.977T × G278.2862139.14331.157.000.404Error410.862924.466Lower-order PerformanceBetween-subject effects Groups (G)52.316226.1582.521.086.052Error954.4529210.374Within-subject effects Times (T)2795.68012795.681497.89.000.942T × G38.259219.12910.249.000.182Error171.710921.866Mental EffortBetween-subject effects Groups (G)75.56237.7813.08.000.22Error265.83922.89Within-subject effects Times (T)12.28112.2846.53.000.34T × G.782.391.48.232.03Error24.2892.26Instructional EfficiencyBetween-subject effects Groups (G)87.52243.7615.80.000.26Error254.83922.77Within-subject effects Times (T).0071.007.08.781.001T × G1.432.718.06.001.15Error8.1592.09

The within-subjects effect data also indicated that there were significant differences in the mean scores of overall, higher-order, and lower-order performances, and mental effort across the two time periods with large effect sizes. However, the within-subjects effect data indicated that there was not a significant difference in the instructional efficiency mean scores across the two time periods. In other words, the instructional efficiency did not differ over times.

Further, it was found that there was also a significant interaction effect between the times and instructional strategy group for overall, higher-order, and lower-order performances and instructional efficiency. It was observed that the magnitude of the differences in the means was large, indicating that the overall, the higher-order, and the lower-order performances, and the instructional efficiency depended on both instructional strategy and times of posttest and delayed posttest. However, it was found that there was not a significant interaction effect between the times and instructional strategy group for mental effort. There was a substantial main effect for time with three groups, showing an increase in mental effort test scores across the two time periods.

Figures [2a](#Fig2){ref-type="fig"}, [b](#Fig2){ref-type="fig"}, and [c](#Fig2){ref-type="fig"} depict the interaction between the times and the instructional strategy type for overall, higher-order and lower-order performances. It was observed that there were general decreases in the overall, higher-order and lower-order performances across the two times for the three groups. The rates of the decreases were greater for the COTL group from posttest to delayed posttest than for the PPBL and HPBL strategy groups. It is interesting to mention that the conventional strategy was less effective than the other strategies in terms of information retention. The interaction might also be explained by the large F value in ANOVA.Fig. 2Provides the interaction between the times (1 = posttest and 2 = delayed posttest) and the instructional strategy type for overall, higher-order, and lower-order performances and instructional efficiency based on estimated Marginal Mean Scores over Repeated Measures on Posttest and Delayed Posttest

Figure [2d](#Fig2){ref-type="fig"} depicts the interaction between the times and the instructional strategy type for instructional efficiency. It can be observed that as time increased, the amount of instructional efficiency index of the COTL strategy decreased while, for PBL strategies, there was a general increase in the instructional efficiency indices across the two times for the two groups. Thus, the conventional strategy proved to be less effective than the PPBL and HPBL strategies. The interaction may also be explained by the large *F* value in ANOVA.

Furthermore, pairwise comparison tests were utilized to compare mean differences of the students' overall, higher-order, and lower-order performances, and instructional efficiency indices. The statistics in Table [6](#Tab6){ref-type="table"} indicates that there were no significant differences in the obtained mean difference scores of the PPBL and HPBL groups (*p* \> .05). However, there were significant differences in the obtained mean differences of overall and higher-order performances and instructional efficiency indices of the COTL strategy with the PBL groups (*p* \< .0001). The data analysis indicates that there was not a significant difference in the obtained mean difference of lower-order scores of the PPBL and the other two groups, i.e., the HPBL and COTL groups (*p* \> .05). However, there was a significant difference in the obtained mean difference of lower-order scores of the COTL strategy and the HPBL group (*p* = .028).Table 6Pairwise Comparisons Test of Overall, Higher-order, and Lower-order Performances, and Instructional Efficiency Indices for Groups over Repeated Measures(I) Group (Instructional Strategies)(J) Group (Instructional Strategies)Mean Difference (I-J)Std. ErrorSig.^a^Overall PerformancePPBLHPBL−1.4272.216.521COTL9.936^\*^2.136.000HPBLPPBL1.4272.216.521COTL11.362^\*^2.136.000COTLPPBL−9.936^\*^2.136.000HPBL−11.362^\*^2.136.000Higher-order PerformancePPBLHPBL−.66001.71917.922COTL9.4333^\*^1.65664.000HPBLPPBL.66001.71917.922COTL10.0933^\*^1.65664.000COTLPPBL−9.4333^\*^1.65664.000HPBL−10.0933^\*^1.65664.000Lower-order PerformancePPBLHPBL−.767.588.196COTL.502.567.378HPBLPPBL.767.588.196COTL1.269^\*^.567.028COTLPPBL−.502.567.378HPBL−1.269^\*^.567.028Instructional Efficiency IndicesPPBLHPBL−.1695.30386.843COTL1.3153^\*^.29281.000HPBLPPBL.1695.30386.843COTL1.4848^\*^.29281.000COTLPPBL−1.3153^\*^.29281.000HPBL− 1.4848^\*^.29281.000\*The mean difference is significant at the .05 level^a^Adjustment for multiple comparisons: Bonferroni

Discussion {#Sec16}
==========

The main purpose of this experiment was to investigate the effects of the PBL strategies on performance, mental effort, and instructional efficiency in learning the organ dysfunction in Pediatric Nursing course. The results showed that the PBL strategy groups had superior overall and higher-order performances compared to the COTL strategy group on posttest and delayed posttest. The implication is that the PBL strategies could be a more effective means than the COTL strategy to maintain students' performance over time.

Findings also confirmed the earlier studies which were conducted on PBL approach in nursing and in different disciplines \[[@CR21], [@CR22], [@CR37], [@CR39], [@CR41], [@CR53]--[@CR56]\]. For example, Tiwari \[[@CR39]\] and Strobel and Berneveld \[[@CR57]\] noted that the consensus of their study was that nursing students who were exposed to PBL strategies displayed worthwhile and profound improvement in learning and long-term retention. Chou and Chin \[[@CR58]\] also observed that the students in PBL strategy performed better in higher-order thinking performance than the control group. In addition, some researchers found that the structure and process of PBL programs enhanced students' critical thinking and prepared them to meet the entry-to-practice competencies \[[@CR53]\]. A study done by Murphy et al. \[[@CR54]\] also indicated a positive effect of PBL strategy on students' awareness of creative thinking and decision-making abilities. Furthermore, the findings of the present study concurred with the study done by Sangestani and Khatiban \[[@CR22]\], who proved that PBL students had a higher performance and learning progress as compared to the COTL group in midwifery. Another study revealed that implementing PBL in educational setting can raise the likelihood of conceptual change by attending lecture-based and self-study groups \[[@CR21]\]. However, PBL was not found to be significantly effective in improving critical thinking in some other studies \[[@CR59]\]. This is perhaps due to different educational methods, learning environments, and the processes or length of interventions \[[@CR60]\], students' and educators' attitudes, and cultural backgrounds that can bring different educational effects \[[@CR61]\].

In consistent with some other studies \[[@CR38], [@CR40], [@CR41], [@CR57], [@CR62], [@CR63]\], the present paper revealed that there was not a significant difference in lower-order performance between the PBL and the COTL instruction group on the posttest. One reason might be that PBL has been designed to promote high-order performance and stimulate students' higher level skills such as critical thinking \[[@CR53], [@CR64], [@CR65]\]. Another reason could be that the learners were only familiar with the conventional instruction of lecturing, and they were, therefore, unable to uncover information without the help of their instructor. One more reason might be due to the split attention effect resulted from several activities. The students were required to refer to different and vast sources and attend to different activities in the PBL groups \[[@CR66]--[@CR68]\]. Hence, lower-order performance was hindered during learning. It could also be due to the anxiety and the low confidence level that the students, especially the weaker ones, tend to experience at the beginning of the PBL strategy \[[@CR62], [@CR69]\]. Therefore, it can be argued that a mixed or combined approach of PBL might work better than PPBL.

A remarkable finding related to the retention period was that the PBL students gained slightly less knowledge, but elaborated on and remembered more of the acquired knowledge \[[@CR41], [@CR70]--[@CR72]\]. Likewise, our findings, in agreement with Beers and Bowden \[[@CR73]\], showed that although there was not a significant difference in lower-order performance among the groups on the posttest and between the PPBL and COTL on the delayed posttest, the HPBL group had better scores on lower-order performance as compared to COTL group on the delayed posttest. One possible explanation could be attributed to the attention on elaboration in HPBL which tends to promote the recall of declarative knowledge. The implication is that HPBL strategy could be a more effective means than COTL strategy to prevent from a drastic decrease in students' lower-order performance over time (posttest and delayed posttest).

The results also showed that the performance levels of the PBL strategy groups were achieved with a lower mean mental effort during the learning and test phases. They also suggested that the higher performance was achieved with a reduction in cognitive load (mental effort). These findings were supported by the significantly higher level of two-D instructional condition efficiency index reported by the PBL instructional strategy groups as opposed to the COTL strategy group. Therefore, the study yielded additional empirical evidence in support of HPBL strategy in learning Pediatric Nursing contents.

The results of this study also revealed that the PBL groups achieved better performance on the posttest and delayed posttest. In line with the predictions made by the cognitive load theory, the PBL strategies reduced the learners' mental effort during learning activities, hence allowing for an increase in overall performance. This contention was further supported by the significantly higher level of two-D instructional condition efficiency index reported by the PBL strategy as opposed to the COTL strategy. There is still more research evidence indicating that PBL increases conceptual change in learners through engaging them cognitively in problem-solving tasks, involving them in group discussions, activating their prior knowledge and providing them with enough opportunity to be able to deeply process the information at hand \[[@CR21]\].

The findings of the study further support the contention that cognitive load theory is a useful tool in designing efficient instruction. These findings are congruent with an earlier study conducted by McMullan, Jones and Lea \[[@CR74]\] reporting the effect of an interactive e-drug calculations package on nursing students' drug calculation ability and self-efficacy. As Harasym, Tsai and Munshi \[[@CR75]\] and Yuan et al. \[[@CR5]\] indicated nursing/medical students in PPBL strategy experienced a heavy workload, had difficulty to search for information and develop tasks and hand-outs, felt too stressed, had difficulty to catch the key points, grasped knowledge incompletely, received vague information and lacked confidence in clarifying the information. In answer to the necessity raised by these researchers, the current study used a combined instructional strategy (HPBL) to minimize working memory overload and decrease students' split attention for better performance \[[@CR37], [@CR62], [@CR75]\].

One reason for the significantly better performance of the PBL groups could be that the PBL strategies had the effect of increasing germane cognitive load. In line with the PBL strategies, the learners were encouraged to analyze, interpret, guess and hypothesize meaning. Moreover, the students were required to link new ideas with previous knowledge, use open-ended questions to promote learners' participation in class discussion and keep themselves active in the process of learning. In other words, the most important tasks of the tutors were stimulating active and self-directed learning \[[@CR76]\]. Also, the researchers, by facilitating the communication among the group members, caused the distribution of cognitive load among the members of the group, fostered learning and increased germane cognitive load through construction of schemata. Therefore, the extraneous or ineffective cognitive load was minimized.

In PBL strategies, the tutors manage to guide the learners through the instructional help in order to reduce the cognitive load by controlling and decreasing the extraneous load and increasing the germane load \[[@CR25], [@CR48]\]. Doing so, the learner can solve the problems in need of high mental effort with less effort. This study is in concordance with Martenson et al. \[[@CR77]\] who showed that PBL learners' long-term retention rate was higher than that of the conventional learners. The reason could be that distributing learning over time in PBL strategy typically benefits long-term retention \[[@CR78]\]. Generally, the results of the current experiment support the contention that the use of PBL strategies in the learning of Pediatric Nursing course can reduce cognitive load and lead to better overall and higher-level thinking performance.

Another alternative explanation for better performance among the PBL groups could be the design of PBL instructional strategy which is based on constructivism and Vygotsky's theory. In this study, by interaction between the learners and the facilitator in class as a social context, and through guided instruction that increased interaction between them, the students were able to understand and learn the content materials more quickly and more correctly in the zone of proximal development through more effective instruction \[[@CR34]\]. One reason could be that through guidance, scaffolding takes shape and develops sooner to enable students to "bridge the gap between their current abilities and the intended goal" \[[@CR35]\]. It is essential to note that the need for a structured and comprehensive feedback and guidance for PBL facilitators has been considered vital in PBL related research \[[@CR79], [@CR80]\]. Similarly, this study supports the role of the facilitator as a guide or coach to encourage learners' progress. Moreover, use of real-world examples, collaborative learning, and class discussions allow facilitators to maintain a sense of control and transition to constructivist teaching \[[@CR81]\]. In addition, instructional designers should develop different instructional models and resources that could create a constructivist environment \[[@CR82]\].

The present findings highlight the static form of instruction used in the conventional method of teaching Pediatric Nursing. Instructor-based teaching, that requires students to study and then recite what they have already learned, encourages them to merely memorize the textbook contents. It was also observed during the experiment that the students in the conventional strategy group played a more passive role where they were expected to be told what to do and look for the right answers. Dunkin and Biddle \[[@CR83]\] also support the notion that students, as a context variable, need to be considered in the teaching and learning process. They also add that passivity among students often induces lower learner involvement. However, they suggest that student is not the only element that should be considered; rather, the process of teaching with the use of effective strategies ought to be taken into account.

To make a long story short, the findings of this study was consistent with Dunkin and Biddle \[[@CR83]\] model for the study of classroom teaching, Constructive theory, Vygotsky's theory \[[@CR14]\] and Cognitive Load theory (1988). The most significant conclusion that can be drawn from this study is that using PPBL and an intelligent combination of lecture and problem-based learning that may help to facilitate the learning of Pediatric Nursing can result in more effective instruction. As Borhan \[[@CR84]\] suggests, Hybrid PBL and PBL approaches should gradually crawl into the academic curriculum in order to develop learners' ability to solve problems in a large classroom setting \[[@CR85]\].

In a word, the PBL strategies prove to be effective in the students' overall and higher-order achievement. In addition, although the performance of all the groups decreased and their invested mental effort increased over time, the decrease of the performance and the increase of the invested mental effort for the PBL groups were significantly less than those of the conventional group. Therefore, PBL instructional strategies are deemed to be more efficient with better instructional efficiency indices.

Implications for medical education {#Sec17}
----------------------------------

The findings of this study revealed that a simple shift in theoretical emphasis from minimal guidance constructivism to guidance in the zone of proximal development leads to a reconceptualization of PBL which is practically in line with the role of facilitator to guide novice learners to fill in the gap \[[@CR86]\]. Furthermore, the findings highlighted that integrating cognitive load theory in designing HPBL programs has an innovative effect. From a teaching viewpoint, it is very essential to discover the rules for fostering the germane load. Thus, HPBL was designed based on CLT to ensure that HPBL leads to more knowledge acquisition, better learning transfer, and lower mental effort, hence the efficiency of student learning. In HPBL, gaining learners' attention before they learn, as well as giving a brief lecture along with an example by the facilitator in the early stages of learning, could reduce irrelevant processing by highlighting essential materials and linking between previous and new knowledge \[[@CR87]\].

The primary practical implication of the present study has to do with the instructional strategies. Both PPBL and HPBL strategies created impressive results in students' performance, mental effort, and instructional efficiency. The findings of this study revealed that the use of PBL strategies could significantly enhance students' achievement. Therefore, the PBL strategies are preferred over conventional strategy for instruction in Pediatric Nursing.

In line with the above arguments, a major concern for nursing educators could be how to effectively move from a traditional lecture style to a PBL approach. Since the implementation of PPBL is a time-consuming process and needs additional tutors, the HPBL and PPBL with one floating tutor in a large classroom may be adopted to overcome these concerns.

Limitations {#Sec18}
-----------

In this study, four main topics of organ dysfunction with high prevalence in Pediatric Nursing syllabus were offered through PBL strategies, and the intervention was done for only 8 wk of teaching sessions. Although the majority of the students benefited from this teaching approach, the results might be suitably generalized only to courses of similar contents and level. In addition, the researchers were not allowed to change the official programs of the universities to randomize the assignment of the subjects to different groups, and the course was obligatory for all the classes, the students did not have the chance to decide to participate in the study; yet, to be fair enough, as it was already mentioned, the assignment of the classes to each approach was purely randomized.

Suggestions for future research {#Sec19}
-------------------------------

The current study suggests that incorporating the use of different PBL approaches can be a useful instructional strategy in the teaching and learning of Pediatric Nursing at university level. Therefore, further research is welcome to assess the effectiveness of this approach in other nursing subjects in other instructional contexts to specify its weak and strong aspects.

Furthermore, new research may intend to examine the long-term effects of problem-based learning on students' higher-level thinking or on using randomized controlled trials to control threats according to different nursing educational settings as noted in Kong et al. \[[@CR88]\]. In addition, other studies with a mixed method design could be conducted to reveal richer student perceptions of the problem-based experience. Moreover, the results delivered a much-needed pattern and starting point for educators presenting active learning approaches for Pediatric Nursing courses to build on student knowledge and skills. A combination of PBL and concept map may offer nursing students a variety of ways of learning. Finally, future studies on PBL strategies could involve not only nursing students but also graduated and registered nurses taking part in retraining programs.

Conclusions {#Sec20}
===========

This study established that using PPBL and HPBL in a large classroom setting with one tutor had several positive outcomes. PBL instructional strategies enhanced students' overall and higher-order performances, induced less mental effort during learning and test phase, and as a result increased two-dimensional instructional efficiency index in learning Pediatric Nursing. Although, there appeared to be no significant difference in lower-order performance among the groups on the posttest, the HPBL group gained higher scores on lower-order performance as compared to the COTL group on the delayed posttest. The implication is that HPBL strategy could be a more effective means than COTL strategy to enable students to continue to enjoy a better lower-order performance over time.

Additional file
===============

 {#Sec21}

Additional file 1:Major differences among COTL, HPBL, and PPBL. The information in the additional file provides a brief account of some of the major differences like objectives, teacher's and students' roles and responsibilities, etc. among the three instructional approaches of COTL, HPBL, and PPBL that were employed in the study. (DOCX 17 kb)

COTL

:   Conventional Teaching and Learning

HPBL

:   Hybrid Problem-based learning

IAU

:   Islamic Azad University

IEI

:   Instructional efficiency index

KBA province

:   Kohgiluyeh-BoyerAhmad province

PBL

:   Problem-based learning

PIS

:   Patient information sheets

PMER

:   Paas Mental Effort Rating Scale

PN

:   Pediatric Nursing

PNPT

:   Pediatric Nursing Performance Test

PPBL

:   Pure Problem-based learning
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